The article describes the methodology of landscape and biodiversity monitoring in Estonia since 2004 for complying with European Union agricultural and environmental policies. The paper includes an overview of the introduction of the agri-environment programme; specifies how landscape features in agricultural and semi-natural areas are monitored, and to which extent agricultural impacts on environment are buffered by support measures. Designing monitoring networks to be spatially more efficient regarding changes in rural landscapes and assessing agricultural impacts is one of the keys to upgrading monitoring methods and decision-support systems.
Introduction
Agriculture is a major influence on rural environment and can both create and destroy the quality of natural resources and countryside features. While traditional agriculture originally contributed to the creation of valuable wildlife habitats and varied rural landscapes, intensification of farming methods has resulted in major damage to these, including the pollution of air and water (EEA 2005b (EEA , 2006 . The European Union (EU) Common Agricultural Policy (CAP) is a major policy change in the new Member States, aiming to increase agricultural productivity by promoting technological progress and by ensuring the rational development of agricultural production and the optimum utilisation of the factors of production, in particular labour. The European Council adopted the strategy for integrating the environmental dimension into the CAP in 1999 (EEA 2005a). The main element introduced by the CAP in Estonia is the common requirements for food safety, veterinary medicine, plant health, and obviously environmental protection. Another important element of the CAP is the common application of financial support, which has essentially changed the Estonian agricultural sector. A welltargeted and cost-effective approach to environmental integration in the CAP is not automatically guaranteed. Any approach using agricultural policy for environmental protection needs to be underpinned by comprehensive environmental monitoring and effective policy evaluation.
Estonia was an essentially rural nation until the 1960s. The intensification of agriculture in the 1970s and 1980s, which was the period of soviet large-scale collective-type agriculture, resulted in major environmental problems. In the 1990s agriculture was subject to substantial reforms and changes following democratisation process, leading to land reform and institutional changes. Since the beginning of the 1990s, the negative impact of agriculture on the environment has been decreasing to some extent, due to the decrease in production volumes (Astover et al. 2006) . At the same time, several problems have persisted, and some new problems have appeared, such as leaving agricultural land out of use, resulting in weeds spreading faster, open agricultural landscapes in peripheral unfavourable areas becoming overgrown with brushwood and loss of valuable semi-natural habitats.
Agricultural land in Estonia covers 12,305 km 2 , which is 29% of the total territory (ERDS 2007). According to the Estonian Agricultural Registers and Information Board database, the officially registered farmland includes 8018 km 2 of cultivated land, 3351 km 2 of permanent grassland and about 910 km 2 of natural grassland (ERDS 2007 (ERDS , 2008 . Half of agricultural land is defined as less favoured area, of which 55% is in use according to the agricultural census (ERDS 2007) . Share of extensively cultivated areas is substantially higher in Estonia compared to the European average -44.3% for arable land (EU-25 average 10.1%), 54.4% for pastures (EU-25 average 21.2%). Agriculture comprised 2.4% of the Gross Domestic Product and 3.9% of the labour force of Estonia in 2005 (Statistical Office 2006). Despite high political agenda on agriculture and less favoured areas listed, fundamental socio-economic indicators are still declining. As the economic conditions improve, the negative impact on the environment begins to increase again. For example, the use of plant protection products and mineral fertilizers has been growing in recent years, and this may cause water pollution and decrease biological and habitat diversity, and landscape heterogeneity unless modern environmentally friendly technologies are used (Astover et al. Declining biodiversity, mainly due to the loss and degradation of semi-natural habitats connected to land abandonment.
2.
Loss of agricultural landscape value, mainly due to land abandonment.
3.
Water pollution, mainly due to inadequate manure storage and handling.
Soil degradation and the continued risk of erosion (ERDS 2007).
Taking into consideration the background and implications of rural development, the article 44/59 assesses setting the methodology of monitoring agricultural landscapes in Estonia via the adoption of EU agricultural and environmental policies. Three key questions are raised about support measures and their environmental impact:
1.
What are the appropriate geographical features of monitoring?
2.
What is the feasible pattern of monitoring network?
3. Which monitoring strategies should be implemented in the framework of the agrienvironment programme?
Agri-environment programme and landscape monitoring
One response to concerns over biodiversity loss and destruction of rural landscapes has been the introduction of agri-environment schemes, in which farmers are paid to modify their farming practices, in order to receive environmental services and benefits (EEA 2005a The objective of agri-environment programme (AEP) is also to develop and define framework for evaluating the societal benefits of agricultural landscapes. The monitoring system needs to 45/59 be set to different types of landscapes (natural, semi-natural and cultivated) at different scales (landscape, ecosystem, plot). Special attention is paid to spatial aspects of landscape functions to account spatial heterogeneity of functions and in order to implement assessment and monitoring of fields in appropriate way. Landscape effects can be manifested at two nonexclusive levels, landscape and habitat heterogeneity (Weibull et al. 2003) . It is therefore important to emphasise that evaluation and implementation of agri-environment programmes must incorporate the expected gain in species richness as a result of species differences between local communities.
The introduction of the agri-environment programme in Estonia
Landscape approach has gained an increased role in environmental management and policy in the 1990s. The transition of Estonia from the fragmented character of environmental protection activities of the former Soviet Union to a centralised national environmental protection strategy including coherent action plans and monitoring programme was set up in the first half of the decade. At the beginning of the 1990s the sustainable landscape management was quite exceptional outside conservation areas as introducing traditional approach of environmental regulations was the first priority. Meanwhile, the total restructuring characterised agriculture. In general, the marginalisation of farming areas was a process driven by a combination of social, economic, political and environmental factors.
Estonia has implemented a national agri-environment programme in accordance with the adoption of Rural Development Regulation 1257/99 (Council Regulation 1999). The application of the measure was meant to preserve and promote biological and landscape diversity, and increase the income of farmers who operate in an environmentally sustainable manner (ERDS 2006) . The development of AEP and its evaluation began with defining the strategy and setting policy targets, followed by developing the draft national pilot, selecting indicators and pilot areas for evaluation. One major task was a pilot Programme project for testing the practical implementation in the Estonian context, evaluating the effectiveness of the proposed measures, finding out the detailed management prescriptions, in order to better achieve the objectives of the scheme, gaining an indication of the average payments per farm business, and also demonstrating and promoting the concept of a Programme in Estonia (Sepp et al. 2004 ). During the preparation of proposals more broad-based consultations within and outside the agricultural sector were added, in order to enhance general awareness of the Estonian agri-environment policy and practice. In total, more than 150 stakeholder groups were consulted during the project (ERDS 2008).
The implementation of the full set of AEP, which contributes to the draft evaluation and monitoring methodologies, started in pilot areas in 2001 with 64 farms receiving grants. These pilot areas were Palamuse rural municipality in Jõgeva county and Lümanda and Kihelkonna rural municipalities in Saaremaa. In addition to the nation-wide measures already available, in pilot areas support was granted for environmentally friendly management: breeding of the Estonian horse, restoration and maintenance of stonewalls, management of overgrown agricultural land, and in Palamuse also the establishment of ponds and mixed-species hedgerows. In 2002, a new pilot project was launched in 55 rural municipalities (at least one municipality per county) mainly located on islands and in less favoured areas.
As a result of pilot tests and lessons learnt, the Estonian agri-environment programme uses a complimentary mixture of a general scheme and supplementary schemes to encourage the adoption of a variety of agricultural production methods. These are designed to protect the environment and maintain the countryside by using agricultural land in ways compatible with the protection and improvement of rural environment and natural resources, including air, water, soil and genetic diversity; the conservation of high biological values farmed environments, which are under threat; the upkeep of traditional landscapes and historical features on agricultural land, and the use of environmental planning , a 'whole farm agri-environment plan' by those farmers participating in AEP. Several sub-programmes were cancelled during the first evaluation period due to lack or missing data, e.g. the supplementary creation of ponds and wetlands and abandoned land scheme. Valuable landscapes (see Palang et al. 2011 ) were loosely defined, using district level maps 1:100,000. Also, hedgerow support was initially introduced, though 46/59 these are not traditional elements in the Estonian landscape. Test period indicated that a holistic approach is needed to develop complex indicators for assessment of agricultural landscapes.
The structure of the agri-environment programme in Estonia
Agricultural Research Centre, subordinated to the Ministry of Agriculture, coordinated data collection on agri-environment evaluation. The Centre acted as an independent evaluator for the agri-environmental programme. The function of the Estonian Agricultural Registers and Information Board subordinated to the Ministry is to maintain the register of agricultural supports and agricultural parcels and to allocate support.
In The main objectives of the agri-environment programme are to direct agriculture towards more sustainable practices and to avoid damage to semi-natural and natural habitats and landscape elements on the farm. EPS payments enable the protection of semi-natural communities -the first priority from a biodiversity point of view. Also other measures envisaged in the Estonian Rural Development Strategy (ERDS), including financial support paid to the keepers of endangered local breeds of livestock, are directly related to biological diversity. ERDSAt the same time, the ERDS includes such benefits as reforestation support, which, on the contrary, might damage biodiversity. EPS and OF as farm management orientated programmes address multiple objectives. From the point of view of landscape preservation, both are most widespread and effective. Some schemes such as LEB and ES target single or few objectives.
The total ERDS budget of the agri-environmental programme period 2004-2006 was €188 million. The biggest support, €71 million (38% of total) has been given for environmentallyfriendly production scheme. In 2006, agri-environment support covered a total area of 505,000 ha, i.e. 62% of all cultivated land ( . As an exception, the organic farming continues to increase its area.
For Environmentally-friendly Production Scheme (EPS) and Less Favoured Areas (LFA) support, the natural capacity of covered area was nearly met already in 2005, reaching its maximum by number of approved applicants, area and support. Applicants owning less than 50 ha of land comprise 87% of support receivers getting almost one fifth of the total support sum. At the same time, farmers owning more than 500 ha of land receive ca 55% of the total sum. It is obvious that large producers receive the majority of support and more benefits (see Blacksell, this issue). Less favoured areas (LFA) cover 22,590 km 2 (50% of the total territory of Estonia), of which the share of agricultural land is 6270 km The main problem in applying for agri-environment support was the insufficiency of the advisory system, i.e. there were too few certified advisers. The termination of state-owned land management contracts between the rural municipalities and producers was also a critical issue. Introduction of the required crop rotation and the preparation of documents were the most difficult steps for farmers and agricultural producers. For both parties, evaluators and producers stress the importance of standardised and unified implementation of support schemes. The practice of the first period demonstrates certain 'greed' of applicants, as there were several debates on the area covered.
As a result of the implementation of measures, the environmental awareness of the applicants increased, environmental planning was adopted, and environmentally-friendly farming practises were introduced. 
Monitoring network for the agri-environment programme
The agri-environment programme is applied in two sections -monitoring and evaluation.
Monitoring provides information on the progress of implementation by collecting data on the use of resources (inputs) to create activity (outputs) among the intended beneficiaries. Agrienvironment monitoring should primarily provide uniform, basic data about the composition, The majority of objectives relate to the protection of water, conservation of biodiversity and landscapes. Soil protection, the mitigation of climate change and the protection of air quality are far less frequently indicated as the objectives of the scheme, though these impacts are listed in addition the table 4.
Result indicators Impact indicators Number of farms under Environment Management Scheme (EMS) agreement Environmental awareness of farmers − OF, EPS
The Estonian approach for defining indicators and evaluation areas for Programme is based on a hierarchical approach of three levels: field level (earthworms, plants), farm level (bumblebees, birds), and landscape district level (birds, landscape structure) (Sepp et al. 2004 ). Selection of sites depends on the available data, existing methodologies and practices, and existing monitoring programmes, including the national monitoring programme. Some indicators can have relevance only at specific scales of analysis, while others can be used at different spatial levels. For instance, the indicator 'diversity of the scenery' has significance at the level of 'landscape', whereas the indicator 'length of field boundaries' is meaningful both at the levels of 'field' and 'farm'. The final methodology of monitoring was applied in 2004 with the study of two groups of indicators related to landscapes: landscape structure in terms of point, linear and area elements and evaluation of visual appearance of farm. The environmental impact and strength of support measures is presented in table 4.
Measures
Human health Another question concerning the development of monitoring set is the selection of monitoring sites. Representation by the typological classes is the first pre-requisite. Another condition is seeking to achieve total national coverage. It is arguable whether the data of the national monitoring network is sufficient and cohesive enough for reporting, although these are generally used as indicators, or indexes in European reports (Roose et al. 2007 ). The strategic set should be distributed by Estonian landscape districts and according to the availability of other available monitoring sets ( figure 4 ). On the other hand, every monitoring set is unique, depending on its own criteria such as coverage, patterns, features, linkages to policy, etc. Thus, setting subprogrammes is quite an autonomous process following the main objectives, functionality and 52/59
Water quality

Air and climate
Biodiversity Landscapes
proceedings of the agri-environment programme. It is crucial to cover all landscape regions, a variety of farming practises (intensive, extensive regions) and farming types (plant production, animal husbandry, mixed farming). The most common approach is the comparative monitoring of biodiversity in the agri-environment scheme and control areas at one point in time.
Initially, the indicators were tested in the complex study which targeted OF scheme. It is proved by pilot implementation that the number of monitoring sites, 12 landscapes sites (fig 5) , 66 biodiversity sites is not sufficient for full nationwide coverage.
The total density map of national environmental monitoring network is derived by summing up 9 environmental topical maps, the distance dispersion model at a 50 km search radius, shown in figure 4 with layout of monitoring stations and Nature areas. According to the dispersion model, stratified information on a multitude of themes which coincide with AEP is available in the non-agricultural metropolitan areas near Tallinn, Pärnu and in north-eastern Estonia. Though, some conservation areas such as the Endla and Viidumäe national parks are extensively covered by monitoring set. Unmonitored areas belong to bigger landscape districts in sparsely populated remote forest and rural areas. As a regard the 50 km search radius, it was assumed that a data transfer function is applicable for such a distance in many cases as well 50 km could be taken as the average maximum distance between the nearest-neighbour monitoring stations in the landscape scale. In general, the national environmental monitoring programme covers the Programme less than expected, as the objectives, indicators, monitoring methods and data management differ substantially. In fact, both networks (the national environmental and agri-environment) originate in the pre-Natura period and do not reflect the location and other features of Natura network. 
Biodiversity monitoring
Biodiversity indicators are as follows: abundance and species composition of plants in fields and field edges, the number and diversity of bumblebees in fields and field edges, the number and diversity of soil earthworm (Lumbricidae) communities, the functional structure and hydrolytical activity of soil micro-organisms, the number and diversity of carabids (Carabidae) in fields and field edges, the presence of protected species (communities) in agricultural landscape. The
53/59 distribution of monitoring topics according to support schemes is as follows: earthworms, soil microbes (OF, EPS), birds (OF, EPS, reference), vascular plants (OF, EPS, reference) and bumblebees (OF, EPS, reference) (Sepp et al. 2005).
The comparison of data of different landscape districts from various years has methodological restrictions due to the variance of climate conditions. In some cases the ecological structure of habitat influences more the presence of sensitive species in community than by agricultural activities. The intentional segregation of highly intensive agricultural production zones from biodiversity-rich conservation zones is unlikely to succeed due to the complexity of the ecological and social dynamics between these zones. Also, there has been debate on the most essential background parameters for interpretation the results of biodiversity monitoring (Sepp et al.
2005, ERDS 2008).
There is an option of matching two monitoring streams, as the national monitoring programme of biological and landscape diversity includes 37 sub-programmes, ten of which focus on habitat diversity ( 
Landscape monitoring
The diversity of landscape types in Estonia has been caused by various natural conditions. The preservation of natural and semi-natural habitats is required in a relatively large number of landscape types. The presence of a large proportion of landscapes that have nearly disappeared in the rest of Europe, needs an exclusive monitoring set. Change in landscape structure in terms of point, linear and area elements (all measures), general upkeep (visual appearance) of the farm (OF, EPS), and proportion of stonewalls on agricultural land that have been restored, have been selected as indicators. The national environmental programme gives the basic reference set (figure 5). Indicators of landscape structure describe changes of point, linear and area elements using methods of landscape metrics (Sepp et al. 2004 ). The inclusion of landscape structure as key indicators is even more important in practical educational reasons as farmers' awareness of importance of field margins, preserving linear and point elements in the field is very low. Statistical measures of landscape can serve to describe the structure of landscape, hence interpreting changes in these indicators in terms of what is a positive or negative change in landscape structure is elaborated poorly. The Shannon and Simpson indexes as many other landscape metrics parameters which can be easily found using quite standard software packages (FRAGSTATS, MapInfo, Idrisi etc.) are not sensitive enough to assess the change in landscapes. The percent of restored stonewalls on agricultural land is indicates quite well the measures of landscape restoration scheme. General upkeep and visual appearance of the farm have been chosen as an indicator of landscape attractiveness although this is quite subjective and depends very much on photo interpretation. Also, methodology does not cover all aspects of attractiveness. Basically, all the landscape indicators chosen have a potential to describe adequately the efficiency of agri-environment support schemes applied. Most of these indicators are widely used throughout EU. 
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Discussion
Environmental trends in agriculture are driven not just by the CAP policy framework, but also by market, socio-economic and technological factors. Thus, agricultural or environmental policy cannot easily influence all the farm sector trends that have an impact on the environment. Secondly, environmental integration at policy level is a complex process. The issue to be discussed comprehensively is the coherence of agricultural and environmental policy and its institution representation. It depends not only on the legal framework, institutional setting or the implementation of measures, but also on involvement of different decision-making levels, cooperation between administrative bodies, appropriate policy evaluation procedures and control. A wide range of environmental legislation has set objectives, and to a lesser extent targets, for environmental management in the agricultural sector. Most of these target indicators are quite fuzzy not allowing an assessment of whether they are reached or not (EEA 2005b). Still, AEP data series are still too short to assess landscape change and impacts on ecosystems in Estonia due to CAP. The researchers tend rather rushing to interpret and draw conclusions from preliminary data and analysis, in particular if based on quantitative methods. Policy-makers and governmental officials are looking for monitoring and evaluation reports which are holistic, objective, and balanced. Both stakeholders in the process cannot lean on long term experience and 'culture' in the field of assessment of impacts of AEP on ecosystems. Communication channels between all major parties, farmers, authorities and academia can be improved.
As a part of socio-economic debate in this field, there are considerably more studies in intensively farmed areas. Naturally, the uptake of schemes is higher in areas farmed under extensive systems. Agri-environment schemes targeted at intensive areas are expected to enhance species diversity over time (Herzog et al. 2006 ). Agri-environment schemes are expected to maintain this diversity by protecting areas from intensification or abandonment. Changes in land-use intensity will have a greater impact on biodiversity on extensively farmed land than on intensively used farmland. Agri-environment schemes that aim to protect biodiversity in extensively farmed areas may therefore be more effective than those aiming to improve biodiversity in intensively farmed areas (Kleijn and Sutherland 2003). The share of agrienvironment payments in gross farm income can be used to assess to what extent farms are 55/59 diversified towards delivering environmental services. In economic terms, the implemented support schemes promoted farmers' entrepreneurship, economic vitality, increased value added per employee and cultivated area. While planning introducing agri-environment programme, several alternatives were formulated with different contributions to the objectives, to serve as a basis for the adopted measures and for selecting recommended methodologies based on an evaluation of trade-offs among the objectives of indicators. Cost values and operational costs for the evaluation have been introduced as a forerunner 'absorbed' by environmental quality objectives and benefits of the measures in the agricultural sector. The attention was accordingly focused on concepts and methods of monitoring and evaluation, estimating information cost, assessing cost-efficiency for such measures and corresponding projects. Cost-efficiency of data capture and evaluation is fully considered in the designing stage of AEP in Estonia.
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Conclusion
This article introduces the implementation of the agri-environment programme in Estonia, focusing on the preparation and start-up implications and circumstances of the monitoring and evaluation of support schemes. The condition of environment is relatively good, but for maintaining it, it is necessary to carry on the agri-environment and other measures contributing to the sustainable rural development. The EU agriculture policy provides an important opportunity to improve environmental management and maximise environmental gain in the farming sector in Estonia. The design of the CAP includes a broad range of agri-environment policy instruments that can support the implementation of wider environmental policies, such as Natura 2000 as well economic incentives for diversification, and wellbeing of rural communities.
The preservation of cultural landscapes and biodiversity through time has become one of the basic environmental policy objectives in agriculture. As local extinction processes in highly fragmented landscapes shape biodiversity, priority should be given to the conservation of diverse agricultural landscape remnants in Europe alike Estonia represents. Agricultural landscape indicators provide policy makers with an informative tool recording the current state of landscape and how its appearance including the cultural features is changing, establishing the share of agricultural land under an agri-environment scheme.
The effectiveness of agri-environment schemes in particular depends on national-level implementation and geographic targeting. The Estonian agri-environment programme can be assessed as successful and it has justified itself. This preliminary work indicates that the landscape indicators chosen for AEP have a potential to describe adequately the efficiency of agri-environment support scheme applied. The chosen methods of monitoring and evaluation provide appropriate indicators about level of human pressure on different categories of agricultural land. The selected and mapped landscape features clearly distinguish anthropogenic areas from semi-natural areas. Biodiversity sets are expanded due to Natura 2000 inventories and coverage.
A multi-scale object-based monitoring and analysis of landscape gives a good overview of human pressure and landscape change. The adequacy of landscape monitoring according to the spatial relation of the environmental monitoring set is explored by landscape district. Biodiversity sets can easily be applied as data sources for landscape monitoring in national parks and protected areas. The representation on landscapes and land cover types is rather different. For that reason the application of the data transfer functions needs further investigation and modelling on a small and meso-scale level.
However, for further study it will be useful to compare the density and other characteristics of some landscape elements with some reference data in each particular region, for example, with the density and characters of landscape elements before the intensive collectivisation of agriculture during the soviet period. Applicability of modern monitoring and evaluation techniques depends on conceptual maturity, but very much also on flexibility in data management and application. The potential of integrated methods for the agri-environment programme should be further examined in the CAP. Understanding the influence of different impacts and measures on agri-environment development and their interaction with policy is an important step for understanding opportunities for integrating environmental concerns into the CAP and for monitoring and evaluation. A more thorough evaluation of the extent to which the Programme has fulfilled its objectives is planned at the end of the second cycle of national inventory in 2013. Confrontation the centre vs. the periphery, urban and rural has become an important source of tension. Needless to stress, agriculture as economic sector is based on the use of Estonia's own resources and has an important stabilising role for rural development in the globalisation era.
